Introduction
Many molecules with an intramolecular hydrogen bond Possess two tautomeric forms, one of which is stable in the ground state, whereas the other is more stable in the first ex Cited singlet state. When the interconversion of both forms Merely involves movement of a proton along the hydrogen b°n d, proton transfer can be a very rapid process. Fig. 1 Sives a general level diagram indicating also the structural fo Hnulas of the normal and tautomer forms of the molecules 3^h ydroxyfla vone and 2,5-bis(2-benzoxazolyl)hydroquinone ^cussed in this article. After electronic excitation of the n°r mal form (A 0 ) to the first excited state (A 1 ) the excited sta te (B 1 ) of the tautomer is rapidly formed. Fluorescence -> B 0 from the tautomer displays a large Stokes shift Native to the absorption A 0 -> A 1 of the normal form. This fact lead to the first observation of this effect, later called excited state intramolecular proton transfer (ESIPT), by Weller in 1956 [1] . Since then this process has been investigated numerous times [2, 3] . A question of particular interest is, whether a barrier to proton transfer exists either in the excited state or in the ground state.
A barrier to ESIPT would result in increasing fluorescence from the normal form (A 1 -• A 0 ) with decreasing temperature. However, with a single exception, in all cases where fluorescence from the normal form was reported [see e.g. 4, 5] , it was later found that this emission was due to other conformers [6 -9] or complexes with hydrogen bonding impurities [10] . An example thoroughly discussed in the recent literature is 3-hydroxyflavone [5,10 -17] . Complexes are easily formed with traces of impurities when solutions are cooled to form glasses [10], Such samples display slowly rising tautomer fluorescence wrongly attributed to a barrier in the excited state [12 -15] . The preparation of pure samples in organic glasses requires sophisticated techniques and is not always successful [10] . In the search of an alternative preparation technique which yields low-temperature samples of unperturbed molecules we considered matrix isolation. In this article we describe isolation in solid argon as a simple method to avoid the problems encountered with organic glasses. Especially formation of complexes with hydrogen bonding impurities was efficiently suppressed. In addition, excitation spectra in argon matrices are higher resolved than in organic glasses and allow the distinction of different conformers. The exception mentioned above showing true dual fluorescence is 2,5-bis(2-benzoxazolyl)hydroquinone [18] . ESIPT is a reversible process in this molecule in unpolar solvents, and the equilibrium between both forms is established within few picoseconds [18] [19] [20] . Excitation spectra of the isolated cold molecules in a supersonic jet indicate the existence of a small barrier to ESIPT [21, 22] . In liquid solution and organic glasses the situation is not so clear since the relative yield of fluorescence from the normal form seems to decrease with decreasing temperature [23] . In polar solvents the yield of tautomer fluorescence increases indicating a stabilization of the tautomer due to its higher polarity [19] . Conversely, an environment of argon atoms should destabilize the tautomer and make the appearance of a barrier more likely.
In this article we discuss the spectra of 3-hydroxyflavone and 2,5-bis(2-benzoxazolyl)hydroquinone isolated in solid argon. The first molecule was chosen for its sensitivity against complex formation, whereas the latter is the most likely candidate for the observation of a barrier to ESIPT* 
Results and Discussion
Argon matrices doped with 3-hydroxyflavone emit brigh* green fluorescence when exposed to UV-irradiation. Tb e corrected quantum distribution spectrum (emitted quafl ta per wavenumber interval) of this emission is shown in Fig* It consists of a dominant band peaked at 505 nm attributable to fluorescence from the tautomer form of 3-hydroxy' flavone. At shorter wavelengths a weak emission is observed accounting for ca. 3% of the emitted quanta. The excitation spectra of these two emissions, monitored at 505 nm an 410 nm, are given as curves (a) and (b) in Fig. 2 . Both ^x' citation spectra show similar vibrational structure which lS much better resolved than in organic glasses or matrices (compare, e.g., Fig. 5 below) . However, the exci* tation spectrum of the violet fluorescence (curve b) is shift e° almost 1000 cm" 1 to lower wavenumbers compared to tb e excitation spectrum of tautomer fluorescence (curve a '' Hence the violet emission stems not from the normal iof& of 3-hydroxyflavone, but must be due to molecules with a different ground state. These could be complexes with hydrogen bonding impurities. However, matrices made with 3 mixture of 4% water in argon show spectra almost identic 31 to those in Fig. 2 , with the violet emission increased to ow 4.5%. Hence the formation of complexes seems to be inhi^ J ted even when a large excess of water is present, presumably due to inhibited diffusion. We assign the violet emission to dirners or conformers of 3-hydroxyflavone which do not undergo ESIPT, probably because the OH-group forms no eternal hydrogen bond. On the other hand, those molecules leading to the excitation spectrum (a) do not contribute a detectable amount of violet fluorescence but emit exclusively from the tautomer form. Elsewhere we have already rePorted that this tautomer fluorescence rises in less than 1 Picosecond [17] . Hence it must be concluded that no barrier to ESIPT exists for unperturbed molecules of 3-hydroxyflay one in solid argon. The fluorescence and excitation spectra of 2,5-bis(2-°e nzoxazolyl)hydroquinone in solid argon at 15 K are s hown in Fig. 3 . The upper part of this figure refers to the dominant red emission from the tautomer, showing the exci^a tion spectrum monitored at 585 nm and the fluorescence quantum distribution spectrum excited at the maximum of ^e excitation spectrum. The excitation spectrum shows two °and systems of different character: A first band between 23000 cm -1 and 29000 cm" 1 with broad vibrational structure, and a system of sharp vibronic bands between 29000 cn^1 and 34000 cm" 1 . The diffuseness of the first band s ystem indicates the coupling of the corresponding transition to low-frequency modes associated with the hydrogen °°nds and ESIPT, which are known from the supersonic j £ t spectra [21, 22] . The second band system can be assigned to a transition which couples mainly to a few high-frequency m Odes. We assign these spectra to unperturbed molecules of 2,5-bis(2-benzoxazolyl)hydroquinone and conclude that ilJ solid argon at 15 K these unperturbed molecules very ra Pidly undergo ESIPT leading with high yield to tautomer fluorescence.
In the search of fluorescence from the normal form a weak Mission in the range 20000 cm -1 to 24000 cm" 1 was observed. The excitation spectrum of this emission is shown in the lower part of Fig. 3 . It shows two band systems similar to the excitation spectrum of the tautomer fluorescence, with diffuse and sharp character, respectively. Despite this similarity, both spectra are significantly different. The excitation spectrum of the blue fluorescence has slightly different vibrational structure and is red-shifted by ca. 400 cm" 1 with respect to the excitation spectrum of the red fluorescence. The fluorescence quantum distribution spectrum excited at the maximum of the "blue" excitation spectrum, also shown in the lower part of Fig. 3 , is mirror symmetric to the excitation spectrum and has only a small Stokes shift. (Some tautomer fluorescence is also observed since the large excess of unperturbed molecules has a small absorption at the excitation wavelength.) As in the case of 3-hydroxyflavone we assign the spectra associated with blue fluorescence to a dimer or conformer incapable of undergoing ESIPT. A possible structure could be one in which the benzoxazol-groups are rotated by 180° so that the hydrogen bonds are formed to the O-atoms instead of the N-atoms. From the absolute photon count rates we estimate that ca. 3% of the molecules are in the blue-fluorescing form. It is interesting to compare these spectra to those of the dimethoxyderivative shown in Fig. 4 . In this molecule no ESIPT is possible, and only violet fluorescence is observed. In addition, the first band system of the excitation spectrum is no longer diffuse but shows vibrational finestructure. Some structure in the range where the excitation spectrum overlaps the fluorescence spectrum might indicate also sitestructure or the existence of several conformers. Such drastic changes in the spectra with only minor modifications in the molecular structure support our assignment, that the spectra in the lower part of Fig. 3 are due to a dimer or conformer, and not caused by an impurity which has the hydrogen bonds blocked by some substituent.
As already mentioned, we found that the risetime of tautomer fluorescence is below 1 ps, too short to be resolved with a streak camera [17] . Such a fast process suggests the use of photochemical hole-burning to measure the homogeneous linewidth of the excited state undergoing ESIPT in order to gain indirect information on the decay time. However, both 3-hydroxyflavone and 2,5-bis(2-benzoxazolyl) hydroquinone were found to be absolutely stable against prolonged pulsed dye laser irradiation in argon matrices. (This fact also suggest that no barrier exists for proton backtransfer in the ground state.) However, the tautomer form of 3-hydroxyflavone is strongly polar and might react with other matrix materials. In fact, we observed partial bleaching of 3-hydroxyflavone in PMMA matrices at 10 K. Fig. 5 shows the absorption spectrum of 3-hydroxyflavone in PMMA before laser irradiation, and the change in optical density after laser irradiation at 365 nm. Although the difference spectrum is considerably narrower than the absorption spectrum, no prominent zero-phonon line is observed, prohibiting the interpretation of the spectrum in terms of a homogeneous linewidth. (For comparison, with tetraphenylporphin in the same matrix material narrow holes are easily observed with the same apparatus.) This is most probably due to the existence of low-frequency modes, whose spacing is much closer than the width of the inhomogeneous distribution. These modes are most probably connected with phenylring torsion. Hence the derivative lacking the phenyl group should be an interesting candidate for further investigations. 
Conclusions
The formation of complexes with external hydrogen bonds is strongly suppressed in argon matrices. The reason is that diffusion of hydrogen-bonding impurities like water is inhibited. Thus the majority of matrix-isolated molecule 8 are unperturbed. The unperturbed molecules of 3-hydroxyflavone and 2,5-bis(2-benzoxazolyl)hydroquinone emit only fluorescence from their tautomer form, no emission from the normal forms could be detected. Hence ESPIT in these molecules shows no barrrier in argon matrices and occurs within 1 ps. Residual fluorescence (< 3%) in the wavelength-rar)g e where the normal fluorescence is expected is due to molecules with a different ground state, presumably dimers of conformers lacking an internal hydrogen bond. 
